PROCESS TO UPGRADE HYDROCARBONACEQOUS FEEDSTREAMS Fl ELD

OF THE I NVENTI ON [ 0001] The instant invention rel ates
woao@/1psseess for upgradi ng hydrocar bonaceous PCT/US2005/013512

feedstreans. More particularly, the instant invention

relates to a process to produce liquid products

t hrough the hydroprocessi ng of hydrocarbonaceous

feedstreans in the presence of a bul k netal
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?JOOtZT es eEnvironmental and regulatory initiatives are requiring ever lower
levels of both sulfur and aromatics in distillate fuels. For example, proposed
sulfur limits for distillate fuels to be marketed in the European Union for the
year 2005 is 50 wppm or less. There are also proposed limits that would require
lower levels of total aromatics as well as lower levels of multi-ring aromatics
found in distillate fuels and heavier hydrocarbon products. Further, the
maximum allowable total aromatics level for CARB reference diesel and
Swedish Class I diesel are 10 and 5 vol.%, respectively. Further, the CARB
reference fuels allows no more than 1.4 vol.% polyaromatics (PNAs).
Consequently, much work is presently being done in the hydrotreating art

because of these proposed regulations.

[0003] However, as the supply of low sulfur, low nitrogen crudes decreases,
refineries are processing crudes with greater sulfur and nitrogen contents at the
same time that environmental regulations are mandating lower levels of these
heteroatoms in products. Consequently, there is a continuous need for

hydrotreating catalysts with improved activity and increasingly efficient diesel



het eroatons in products. Consequently, there is a
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di esel desul furi zati on and denitrogenati on processes.

For exanple, at a given final sulfur content, a nore

active catalyst will nmake it possible to operate under

m | der process conditions (energy saving) or to

increase the life-span of a catal yst between

regenerations (cycle length). [0004] In one approach
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Precipitation, Inorganic Chemistry, Vol. 35, No. 14, p. 4191-4197 (1996). The
preparation of such materials also has been reported by Teichner and Astier,
Appl. Catal. 72,321-29 (1991); Ann. Chim. Fr. 12, 337-43 (1987), and C. R.
Acad. Sci. 304 (I1), #11, 563-6 (1987) and Mazzocchia, Solid State lonics, 63-65

(1993) 731-35.

[0005] In another approach, United States Patent Number 6,071,402 describes
a catalyst for the hydrotreating of hydrocarbon feeds which contains mixed
sulfides of a Group VIB metal component, a Group V metal component, and
optionally a Group VIII metal component. This publication describes massive
catalysts comprising 0.01-100%, preferably 0.05% to 100%, more preferably
0.1% to 100%, of at least one mixed sulfide, the catalyst possibly further
containing 0 to 99.99%, preferably 0 to 99.95%, more preferably 0 to 99.9%, of
at least one group VIII metal. The preferred supported catalyst of this reference
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containing O to 99.99% preferably 0 to 99.95% nore

preferably 0 to 99.9% of at |east one group VIII

netal. The preferred supported catalyst of this

ref erencegenerally conprises, in %by weight with

respect to the total catalystszmass, 1%to 99.9%

preferably 5% to 99.5% nore preferably 10%to 99% of

at least one matrix material, 0.1%to 99% preferably

ST BRRS  TELhAo? B e, 4

t t
9 SR L9 9 e it arrirrt SR 8 st one
Aagfie naftbiial0 011046 20 99 fpréferd Ot 5% e 930HuRoM Ibﬂeféfab@l 1% to
If a Goup VI netal conmponent is present at all in
PO, ofinaleast anomitdd sulfide ef ehleest dnte groupr\d8anctal and at least
[i mted anpunt s

ene &g V1B metapdhee ”seﬁfi‘”' °§$ﬂf§erocmnm?é To,0%

{65%@%‘1%@ :R) %g&’)’ d]?l%m) | T ¥e?%b19 gt lggﬁﬁ%egbﬁgqfﬂl metal.

) U’?or’ﬂB Vlﬁt meta‘PEoﬁ‘rPﬂ)nént]is pkébeh’ﬂ@t A1 ﬁ%e@é@d’[?ét@ of thibe

anount Group V conponent In rel lon to

téfer@@e unn iis plfeséimuﬂlmfitﬁi amduisoMory impaeticutanpoBEzample 7 a
is even |lower. [0006] Also Ogrocesses to, produce fuels
q

catalseis preparsdarhichcontaing 9.0d0imelemfimelyhdemym 0.029 mole of

iRy MR D RO LA ¥€%‘Eﬁeﬁf§§b S Golthust, KRR Ridifst has o
é-ﬁﬁ@% Mtﬁd‘g#% dr p9em iR Jeh& 20 é%h%m%uﬁﬂs G&é@ﬁ'vm

rotreating con |1 e cat yst
ﬁ?éﬂﬂ' doYm]S(ﬁiEihlt 15 eslatddn B Beampoudt ofElelp WiBhamd Sroup Wbmtal
G oup Vi netals as pronoters on a refractory
samponents iy dvert losedri ng cat al ysts that are particularly
sui table for

[0006] Also, processes to produce fuels to meet the ever more restrictive
Environmental regulations, such as hydrotreating, are well known in the art and
typically requires treating the petroleum streams with hydrogen in the presence of a
supported catalyst at hydrotreating conditions. The catalyst is usually comprised of
a Group VI metal with one or more Group VIII metals as promoters on a refractory
support. Hydrotreating catalysts that are particularly suitable for
hydrodesulfurization, as well as hydrodenitrogenation, generally contain
molybdenum or tungsten on alumina promoted with a metal such as cobalt, nickel,
iron, or a combination thereof. Cobalt promoted molybdenum on alumina catalysts
are most widely used when the limiting specifications are hydrodesulfurization,
while nickel promoted molybdenum on alumina catalysts are the most widely used
for hydrodenitrogenation, partial aromatic saturation, as well as

hydrodesulfurization.



hydr odesul furization, as well as hydrodenitrogenation,
generally contai n nol ybdenum or tungsten on al um na
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a conbi nation thereof. Cobalt pronoted nol ybdenum on
al um na catal ysts are nost w dely used when the
limting specifications are hydrodesul furization,
whi | e ni ckel pronoted nol ybdenum on al um na catal ysts
are the nost widely used for _pydrodenitrogenation,
partial aromatic saturation, as well as
hydr odesul furi zati on. [ 0007] However, there stil
exists a need in the art for an effective, efficient
hydr opr ocessi ng process for hydrocarbonaceous
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contaminants in a reaction stage with a bulk metal hydroprocessing

catalyst in the presence of hydrogen-containing treat gas thereby

producing a reaction product comprising at least a vapor product

and a liquid product, wherein said hydrocarbonaceous feedstream

is contacted with said bulk metal catalyst under effective

hydroprocessing conditions and said bulk metal hydroprocessing

catalyst comprises:

1) a Group VIB metal component selected from molybdenum,
tungsten, and mixtures thereof;

it) a Group V metal component selected from vanadium,
niobium, tantalum, and mixtures thereof; and

iiiy  a Group VIII metal component selected from nickel, cobal,
iron, and mixtures thereof, wherein the metal components
(calculated as oxides) comprise at least 50 wt.% of the
catalyst, wherein the molar ratio between the metal
components satisfies the formula (Group VIB + Group
V):(Group VIII) = 0.35-2:1.



i) a Goup V netal conponent selected from vanadi um

ni obium tantalum and m xtures thereof; and iii) a
warospoddsh | netal conponent sel ected from ni ckeCT/US2005/013512

cobalt, iron, and m xtures thereof, wherein the netal
conmponents (cal cul ated as oxi des) conprise at |east 50
wt. % of the catal yst, wherein the nolar ratio between
the netal conponents satisfies the formula (G oup VIB
+ Goup V): (Goup VIII) = 0.35-2:1.[0009] In. one
enbodi nent of the instant invention, said process
further conprises: b) separating said vapor product
fromsaid Iiquid product; and c) recovering said

l'i quid product. [0010] In one enbodiment of the
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organically bound sulfur contaminants than the hydrocarbonaceous feedstream.

DETAILED DESCRIPTION OF THE INSTANT INVENTION

[0011] It should be noted that the terms "bulk" and "unsupported" when used
in conjunction with the hydroprocessing catalysts disclosed herein are

synonymous and are sometimes used interchangeably.

[0012] The present invention involves contacting a hydrocarbonaceous
feedstream containing organically bound sulfur contaminants in a reactibn stage
with a bulk metal hydroprocessing catalyst. The bulk metal hydroprocessing
catalyst comprises a Group VIB metal component selected from molybdenum,
tungsten, and mixtures thereof, a Group V metal component selected from
vanadium, niobium, tantalum, and mixtures thereof, and a Group VIII metal
component selected from nickel, cobalt, iron, and mixtures thereof. The metal

components (calculated as oxides) of these bulk metal catalysts comprise at least
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hydrocarbonaceous feedstreams suitable for use in the present invention include
those feedstreams boiling from the naphtha boiling range to heavy feedstocks,
such as gas oils and resids, and also those derived from Fischer-Tropsch
processes. Typically, the boiling range will be from 40°C to 1000°C. Non-
limiting examples of suitable feedstreams include vacuum gas oils; distillates
including naphtha, diesel, kerosene, and jet fuel; heavy gas oils, raffinates, lube

oils, etc.

[0014] Hydrocarbonaceous boiling range feedstreams suitable for use in the
present invention include, among other things, nitrogen and sulfur contaminants.
Typically, the nitrogen content of such streams is 50 to 1000 wppm nitrogen,
preferably 75 to 800 wppm nitrogen, and more preferably 100 to 700 wppm

nitrogen. The nitrogen appears as both basic and non-basic nitrogen species.



processes. Typically, the boiling range will be from
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[0015]  As stated above, the present invention involves contacting a
hydrocarbonaceous feedstream with a bulk metal hydroprocessing catalyst in the
presence of a hydrogen-containing treat gas in a reaction stage operated under
effective hydroprocessing conditions. The term "hydroprocessing" as used herein
is used herein to designate a catalytic process conducted in the presence of
hydrogen. Non-limiting examples of hydroprocessing processes which can be
practiced by the present invention include the hydroconversion of heavy
petroleum feedstocks to lower boiling products; the hydrocracking of distillate
boiling range feedstocks; the hydrotreating of various petroleum feedstocks to
remove heteroatoms, such as sulfur, nitrogen, and oxygen; the hydrogenation of
aromatics; the hydroisomerization and/or catalytic dewaxing of waxes,

particularly Fischer-Tropsch waxes; and demetallation of heavy streams. Ring-



[0015] As stated above, the present invention involves
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hydr ogen-containing treat gas in a reaction stage
operated under effective hydroprocessi ng conditions.

The term "hydroprocessi ng" as used herein is used

herein to designate a catalytic process conducted in

the presence of hydrogen. Nonglimting exanples of

hydr opr ocessi ng processes which can be practiced by
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hourly space velocities ("WHSV") range from 0.1 to 20hr™, preferably from 0.5
to 5hr’. Any effective pressure can be utilized, and pressures typically range
from 4 to 70 atmospheres (4.05 to 70.93 bar), preferably 10 to 40 atmospheres

(10.13 to 40.53 bar).

[0016] Hydrogen-containing treat gasses suitable for use in the presently
disclosed process can be comprised of substantially pure hydrogen or can be
mixtures of other components typically found in refinery hydrogen streams. It is
preferred that the hydrogen-containing treat gas stream contains little, more
preferably no, hydrogen sulfide. The hydrogen-containing treat gas purity
should be at least 50% by volume hydrogen, preferably at least 75% by volume
hydrogen, and more preferably at least 90% by volume hydrogen for best results.
It is most preferred that the hydrogen-containing stream be substantially pure

hydrogen.



conditions typically include tenperatures ranging from
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can be utilized, and pressures typically range from4
to 70 atnospheres (4.05 to 70.93 bar), preferably 10
to 40 atnospheres (10.13 to 4§. 53 bar). [0016]
Hydr ogen-contai ning treat gasses suitable for use in
the presently discl osed process can be conprised of
substantially pure hydrogen or can be m xtures of
ot her conponents typically found in refinery hydrogen
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avallable conventional cooling may be performed through coolmg utilities such
as cooling water or air, or through use of a hydrogen quench stream. In this

manner, optimum reaction temperatures can be more easily maintained.

[0018] Bulk metal hydroprocessing catalysts suitable for use herein comprise
a Group VIB metal component selected from molybdenum, tungsten, and
mixtures thereof, a Group V metal component s;lected from vanadium, niobium,
tantalum, and mixtures thereof, and a Group VIII metal component selected
from nickel, cobalt, iron, and mixtures thereof. The metal components
(calculated as oxides) of the bulk metal hydroprocessing catalyst comprise at
least 50 wt.% of the catalyst, and the bulk metal hydroprocessing catalyst is
further characterized in that the molar ratio between the metal components
satisfies the formula (Group VIB + Group V):(Group VIII) = 0.35-2:1. It is
preferred that molybdenum and/or tungsten make up at least 50 mole% of the

total of Group VIB metals, more preferably at least 70 mole%, still more



heati ng between reactors, reaction zones, or between

catal yst beds in the sane reactor, can be enployed. A
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can be recovered. Were this heat recovery option is

not avail abl e, conventional cooling may be perforned

t hrough cooling utilities such as cooling water or

air, or through use of a hydrogen quench stream In

this manner, optinmum reactiongtenperatures can be nore

easi |y maintained. [0018] Bul k netal hydroprocessing

catal ysts suitable for use herein conprise a Goup VIB
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thereof. The netal conponents (cal cul ated as oxi des)
nictdliyembrd prefeanbly diyieaso f0avele$s, stilloaoed yreferablypatileast 0

| east 50 wt. % of the catal yst, and,the bulk netal .
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}ﬂag}a)ulp e%tha%"’l_’ 58 molebd of thePbBI OF hat] ABh-YIBER WBRals, more

ungsten make up at | east 5% nol e% of t he total

pfef&rablipaiMeBstTet @bk pailbmore profelably af lehsiddx mBl}:% It may be
nol e% still rmrepreferablay at least 90 nol e%

b@e@mb/cprafmeqofcgftb@ Gaoup Milknan- mabl@pnvabtmr@ust@ésenuaﬂy of
CO St e of d /
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f the total of Group V netals, nore
b?@ }ag&é%lg%cgast 70 nole% still nore preferably at
| east 90 nole% It may be especially preferred for the
Group V netal to consist essentially of niobium and/or

Je018Ji urThus, prefepedtetatyst cohpositionk ecceminio behayention
include a catalyst composition wherein the metals components consist
essentially of molybdenum, nickel, and vanadium, a catalyst composition
wherein the metal components consist essentially of molybdenum, nickel, and
niobium, a catalyst composition wherein the metals components consist
essentially of tungsten, nickel, and vanadium, and a catalyst composition
wherein the metal components consist essentially of tungsten, nickel, and
niobium. It should be noted that in the context of the present specification the
wording “consists essentially of”” and “consisting essentially of” mean that the
composition in question contains the cited components, but may contain

contaminant metals the presence of which cannot reasonably be avoided.

[0020] The molar ratio of the metal components in the catalyst according to
the invention satisfies the formula (Group VIB + Group V):(Group VIII) = 0.35-
2:1. Preferably the ratio between the total molar amount of Group VIB and



make up at least 50 nole% of the total of Goup VIII
non-noble netals, nore preferably at |east 70 nol e%
weoerhdsiiosmss e preferably at |east 90 nole% |t nRETHS2005/013512

especially preferred for the Goup VIII non-noble
nmetal to consist essentially of nickel and/or cobalt.
The use of nickel alone as Goup VIII netal conponent

is particularly preferred. [0019] Thus, preferred
catal yst conpositions accordijpg to the invention
include a catal yst conposition wherein the nmetals
conponent s consi st essenti ally of nol ybdenum ni ckel,
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datalyst of ﬂlenheentmmgetmna]ﬂay regngesi fitonofl 0:1-1:10 and preferably from
3:1-1:3.

[0021]  The bulk metal hydroprocessing catalysts suitable for use herein
comprise at least 50 wt.% metal components, calculated as oxides, based on the
total weight of the catalyst composition, preferably, at least 70 wt.%, more
preferably at least 80 wt.%, still more preferably at least 90 wt.%, calculated as
oxides. In calculating the wt.% of the metals as oxides, the Group VIB metals
are calculated as trioxides, the Group VIII metals are calculated as mono-oxides,
and the Group V metals are calculated as pentoxides (for example Nb,Os and
V,05). The amount of Group VIB metals, Group V metals, and Group VIII non-
noble metals can be determined via AAS or ICP on the catalyst after calcination

in air at 500°C.



Goup VIB and Goup V netal is too highin relation to
the nol ar anount of Group VIIl netal, the activity of

woheoscasabyst will be insufficient. |If the totaCTmsk@s/013512
amount of G oup VIB and Group V netal is too low in
relation to the nolar amount of Goup VIII netal, or,
in other words, the anmount of Goup VIII netal
conmponent is too high, the performance of the catalyst
wi |l also be inadequate. Operation within the nost
preferred ranges gives catalysts with a higher
activity than catalysts with a conposition within the

The nolar r
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amorphous cracking components such as silica-alumina, and mixtures thereof. It
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should be noted that some materials, e.g., silica-alumina, may act as binder and
cracking component at the same time. If so desired, the catalyst composition
may comprise any further materials such as phosphorus-containing compounds,
boron-containing compounds, silicon-containing compounds, fluorine-
containing compounds, additional transition metals, rare earth metals, or

mixtures thereof.

[0023]  The bulk metal hydroprocessing catalysts used in the present invention
can be formed into many different shapes. Non-limiting examples of suitable
shapes include powders, spheres, cylinders, rings, and symmetric or asymmetric
polylobes, for instance tri- and quadrulobes. Particles resulting from extrusion,
beading or pelleting usually have a diameter in the range of 0.2 to 10 mm, and
their length likewise is in the range of 0.5 to 20 mm. These particles are

generally preferred. Powders, including those resulting from, e.g., spray-drying



conmponents, conventional hydroprocessing catal ysts,

etc. Non-limting exanples of suitable binders and
woanositesdsoat eri al s i nclude silica, silica-al unPaaus2005/013512

alumna, titania, titania-alumna, zirconia, boria,

cationic clays or anionic clays such as saponite,

bentonite, kaolin, sepiolite or hydrotalcite, and

m xtures thereof. Preferred conponents are silica,

silica-alum na, alumna, titggia, titania-alum na,

zirconia, bentonite, boria, and m xtures thereof, wth

silica, silica-alumna, and al um na bei ng especially

preferred. Non-]imti ,ngét exanpl es gf sui t%ﬂr@ Crﬁéki ngD
genpsalie heve p mgdiepaiticls diameter 18/the Kangs BhdhY gum, but
uch.as zeoljites, e.d., ZSM5 [tra-stable) zeolite
@?Vlité%qlsl ﬁ@ln)éhl %&?lgfék 1e R&iﬁ%fbj‘i-, anor phous cracki ng
conmponents such as silica-alum na, and m xtures
thereof. It should be noted that sonme materials, e.g.,
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catalysts used in the present invention can be forned )
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sui tabl e shapes incl ude powders, spheres, cylindefs,
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FPORRES: ook P s PR Eh el hoferTbr g by dPys o6, more
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padtehtoPthedfigk metal catalysts used herein is generally less than 70 wt.%,

preferably less than 60 wt.%, depending on the bulk metal catalyst composition.

The total amount of sulfur present in the bulk metal catalyst suitable for use in

the present invention is generally selected to correspond to 70-200%, more

preferably 80-150%, of the stoichiometric sulfur quantity necessary to convert

the hydrogenation metals into MoS,, WS,, CrS, CooSg, Ni3S,, FeS, NbS,, VS,

and TaS, respectively.

[0025] As will be evident to the skilled person, when the catalyst according to
the invention is used in the hydroprocessing of hydrocarbon feeds, the metal
components will be present in the sulfided form. A preferred embodiment of the
present invention is therefore a catalyst wherein at least part of the metal
components are present in the sulfided form. In this case, it is preferred for the
catalyst to be essentially free from Group VIII non-noble metal disulfides. The
Group VIII non-noble metals are preferably present as (Group VIII non-noble



generally preferred. Powders, including those

resulting from e.g., spray-dryinggenerally have a
woradisansgsarticl e diameter in the range of 1 MPCO@S2OU5/013512

but deviations fromthis general range are possible.

[0024] The bul k netal hydroprocessing catal ysts

suitable for use in the present invention are

sul fur-containing catalysts. The sul fur may be present

in the catalyst in many fornsp-for exanple, in whole

or in part in the formof netal sulfides. It may al so

be present in whole or in part in the formof a sulfur
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catal ysts used herein is generally at least 8 w.%
presenfpispreferably aitleass portlyl pregentas ssfide (Gisy er CraS;), as can be
referably at | 0O wt.. % _The, sul fur content.of .th
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hﬁ@h@fgﬁ%ﬁ%‘{%& ’f\gaf’ggfﬂ)és c?b%ésgg‘lg%\?eg% Th?a toltO al )

anount of sulfur present in the bulk netal catalyst
suitable for use in the present invention is generally
$60263t edAs indicateé apovie] the sulfuiaGie bote mepal ehtalpdsb guitable for
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Hex Bsthemyesent dvyanion mayals) deggeseati igrihaderm o1 psulfur
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form A preferred enbodi ment. of the present invention
nghiehh areatas syl fidasanfzhg setaln of &irauptV, &gerp pardnddraupeV1IL
rTm‘sett:ﬁI components. In the latter case, the sulfur-containing catalyst may be
subjected to an activation step to convert the metal components at least partly
into their sulfides. The activation step generally comprises contacting the
catalyst with hydrogen at a temperature of 100-600°C for an adequate period of
time. Such an activation step can be carried out ex situ, that is, outside the

hydroprocessing unit in which the catalyst will be used, or ir situ, that is, in the

hydroprocessing unit in which the catalyst will be used.

[0027] As mentioned above, within the group of sulfur compounds that can
be present in the catalysts suitable for use herein are sulfur compounds that are
not yet bound to the metal compound in the form of a metal sulfide. Preferred
sulfur compounds include organic compounds having at least one mercapto-
group. Within the group of mercapto-compounds, mercaptocarboxylic acids

represented by the general formula HS-R1-COOR, wherein R1 stands for a



conmponents are present in the sulfided form In this
case, it is preferred for the catalyst to be

wessensEb|y free from Goup VIII non-nobl e mepalr/us2005/013512
di sul fides. The Goup VIII non-noble netals are
preferably present as (G oup VIII non-nobl enetal)aSbh

wth a/b being in the range of 0.5-1.5, as can be
deternmi ned by, e.g., XRD. Ml ybdenum and tungsten are
preferably at |east partly ptgsent in the sulfided
catal yst as disulfides, as can be determ ned by, e.g.,
XRD. Chromium if present, is preferably at | east
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lethanbitddl (HEN CH2CHX-SH)) dndod-ausind thiophémol (H2N-GaH4-SH).
is, in the hydroprocessing unit in which the catal yst
vidditioral wospounds vathinghergraupafatereapiecompornds amgdhe di-

re%ggptgrflessr%l];){re%ren&: rg)yotlflrédgsentepa?tfor(l:l%ﬂa HS-R3-SH, wherein R3 stands
for a divalent hydrocarbon group having 1-15 carbon atoms. Exampleé of these
compounds include ethanedithiol (HS-CH2CH2-SH) and 1,4-butanedithiol (HS-

(CH2)4-SH).

[0028]  Preferred sulfur compounds also include thioacids of the formula R4-
COSH, wherein R4 stands for a monovalent hydrocarbon group having 1-15
carbon atoms. Examples of these compounds include thioacetic acid (CH3-
COSH) and thiobenzoic acid (C6H5COSH). Dithioacids of the formula HSOC-
R5-COSH, wherein R5 is a divalent hydrocarbon group with 1-15 carbon atoms
may also be suitable. An example is dithioadipic acid (HSOC-C4H10-COSH).
Also preferred within the group of sulfur compounds are those sulfur compounds
that include mercaptoalcohols of the general formula R6S-R5-(OH)n, wherein

RS represents an alkyl group having from 1 to 15 carbon atoms or a phenyl



be present in the catalysts suitable for use herein

are sul fur conpounds that are not yet bound to the
worb@l1ossapound in the formof a nmetal sul fi dePCT/US2005/013512

Preferred sul fur conpounds include organi c conmpounds

having at | east one nercaptogroup. Wthin the group of

nmer capt o- conpounds, mnercaptocarboxylic acids

represented by the general formula HS-R -COOR, wherein

R stands for adival ent hydrogarbon group with 1-10

carbon atons and R stands for a hydrogen atom an

al kali netal, an alkallne earth netal, ammonium or a
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[0028] Preferred sul fur conpounds al so inc| ude
the vavsusdidfiocdrbagr acils amd the salts thereof, such as ethylene

bisdithiocarbamic acid and its salts, and dimethyl dithiocarbamic acid and its |

salts. Other suitable compounds include mercaptodiathiazoles and their salts,

such as 2,5-dimercapto-1,3,4-diathiazoles and its salts.

[0030] Other sulfur-containing compounds which may be present in the bulk
metal catalysts used herein are polysulfides of the formula R9-Sx-R10, wherein
x is a value of 1-15 and R9 and R10 are alkyl groups, preferably branched alkyl
groups, with 1-30 carbon atoms. Related compounds are those with the formula
HO-R11-Sx-R12-OH, wherein x is a value of 1-15 and R11 and R12 are alkyl

groups with 1-8 carbon atoms.

[0031] Additional sulfur compounds include elemental sulfur and inorganic

sulfur compounds like (NH,),S;.



COSH, wherein R4 stands for a nonoval ent hydrocarbon

group having 1-15 carbon atons. Exanples of these
woanpausds | ncl ude thioacetic acid (CH3- COSH) pamaiS2005/013512

t hi obenzoic acid (C6H5COSH). Dithi oaci ds of the

formul a HSOCR5- COSH, wherein R5 is a divalent

hydr ocarbon group with 1-15 carbon atons may al so be

suitable. An exanple is dithioadipic acid

(HSOC- C4H10- COSH). Al'so prefgmred within the group of

sul fur conmpounds are those sul fur conpounds that

i ncl ude mer captoal cohol s of the general formul a
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molybdenum, tungsten, and mixtures thereof, a component of a Group V metal
selected from vanadium, niobium, tantalum, and mixtures thereof, a c‘omponent
of a Group VIII metal selected from nickel, cobalt, iron, and mixtures thereof,
and a sulfur compound. It should be noted that it is possible to combine all these
components in a single step. It should likewise be noted that it is also possible to
combine the sulfur compound with one or more of the metal compounds and
then combine the resulting product with the other metal compounds. However,
sulfide-containing materials must be handled in an inert atmosphere to prevent
oxidation. Therefore, in a preferred embodiment of preparing the bulk metal
hydroprocessing catalysts suitable for use herein, at least one component ofa
Group VIB metal, at least one component of a Group V metal, and at least one

component of a Group VIII metal are combined in a first step to form an



netal catal ysts used herein are polysul fides of the

formul a R9- Sx- R10, wherein x is a value of 1-15 and RO
wanasRoOsar e al kyl groups, preferably branchedprairigkoos013512

groups, with 1-30 carbon atonms. Rel ated conmpounds are

those with the fornmula HO-R 1-Sx-R12-OH, wherein x is

a value of 1-15 and R 1 and R12 are al kyl groups with

1-8 carbon atons. [0031] Additional sul fur conpounds

i nclude el enmental sul fur and.jgoorgani c sul fur

conmpounds |i ke (NH4)2SX.[0032] The bul k net al

hydr opr ocessi ng catal ysts used herein can be prepared

by an t hod n in the talyst art for formn
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conpositions used herein are described in
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conmponent of a Group V netal selected from vanadi um

ni obium tantalum and m xtures thereof, a conponent

P6035] G darhYlfbtmitet ¢ the dlydrspededssinm catalists suitatilalfor use in the
Iron, and m xtures thereof,

present invention, the at least three metal components, namely at least one Group

VIII metal component, at least one Group VIB metal component and at least one
Group V metal component may be in the solute state or at least partly in the solid
state during the process of the invention. Thus, the reaction may involve three
solute components, two solute components and one at least partly solid
component, one solute component and two at least partly solid components, and
three at least partly solid components. The reaction may involve precipitation
and, depending on the state of the various components, also dissolution and re-

precipitation.

[0036] Generally, there are two possible ways of contacting the metal
components of the bulk metal catalysts used herein with one another. One way
involves combining and reacting the metal components in solution to form a
precipitate (hereinafter designated as the "solution route"). While another way

comprises combining and reacting the metal components in the presence of a



and a sul fur conmpound. It should be noted that it is

possible to conbine all these conponents in a single
weoeres/10s459shoul d i kewi se be noted that it is BCSMWS2005/013512

possi bl e to conbine the sul fur conpound with one or

nore of the netal conpounds and then conbi ne the

resulting product with the other netal conpounds.

However, sulfide-containing nmaterials nust be handl ed

in an inert atnosphere to prgwent oxidation.

Therefore, in a preferred enbodi nent of preparing the

bul k nmetal hydroprocessing catal ysts suitable for use

herei,n, .at .l.east qne c onent, of V.
ool BT e TIPS R Qg o bast parly
lnet‘iﬁ%ts]g)ﬁa%teFtQ '(Réi@i%ﬁfef’ Heﬁgﬁt@& As ¥id *solRidlite?) € conbi ned
I'ma first step to formanoxygen-stable product. The
oxygen-stabl e product is then conbined with a sulfur
compound. {30034]_ There are various ways in which a
H937dnerdn the seluopupuie) theraetal compenais aEn comPleiclgdssplved

T R R e
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H%9b19E8 dta2® Snd thedthavdiemrrehétto! foftiachrebipitated BRsv eV, it is also
Interfere with the reaction nmay be used. Suitable

possibldso iconihineonaoemore af twapkiat campasents dhasrare partly or
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onponent, at |east one G oup VIB netal conponent and

adutb asdesondl Metul poMipoaeals mustiberrasentayhdily asa sdlation.
solute state or at |east partly in the solid state

during the process of the invention. Thus, the
i(ﬁ)a?;%t]l Mrhe- relc:{]p\{%ti\(l)g otfj%flg gatalyst particles can be effected by, for

example,

a) changing the pH during or after combination of the metal
component solutions to such a value that precipitation is iﬁduced;

b) adding a complexing agent during or after combination of the
metal component solutions, which complexing agent forms a
complex with one or more of the metals to prevent precipitation of
the metals, and thereafter changing the reaction conditions, such as
temperature or pH, such that the complexing agent releases the
metals for precipitation;

c) adjusting the temperature during or after combination of the metal
component solutions to such a value that precipitation is induced;

d) lowering the amount of solvent during or after combination of the

metal component solutions such that precipitation is induced;



sol ute conponents, two solute conponents and one at

| east partly solid conponent, one solute conponent and
wouemsansdseast partly solid conmponents, and thr eeTais2005/013512

| east partly solid conmponents. The reaction nay

i nvol ve precipitation and, depending on the state of

t he various conponents, also dissolution and

reprecipitation. [0036] Generally, there are two

possi bl e ways of contacting ijge netal conponents of

the bul k netal catalysts used herein with one anot her.

One way involves conbining and reacting the netal

Chor oPhat ¢ addtndd Hin St R & i HcibiBhfonof the meta
Wi | e anot Bk BAYGRIRIJ:SES iSRRI fbeiiafion HRaEHS, Rt Agon-

metal conmponents in the presence of aprotic Iliquid

with at | egslvent)eneahirghhatriiedirecipivatenis essentiabiyiinsolgbketin this
| east partly in the solid state ?herei nafter

desi gnat edsa@sentie "solid route"). [0037] In the

sol ution route, the net .CO ents are conpl et el

di ssofved aﬁéﬂg@ﬁ@caﬁeoai%fb&?ﬁgﬁﬁaws?wﬁﬁ ity g exctent that
forma pregjnpift: TR O ossible, for exanple, to

conbi ne thé{e%llaéla 1%3:10rlsrtpl)rcljdrllfacr? s when they are gTI)r eady in

the di ssolved state and then have themreact to forma
precipitate. However, it is also possible to conbine

(0039r theepHfing foe exemple, ophipusehosb) eat bandjustedthyyadding a
entirely in the solid state with further netal,

basepyrashacid ip thereagtion migture ddovakeTits RlsoRRss e faadd

t hat ar r.t or entirely. in t | '
tbatods ek hpBh afthirkidie PurdfaR wlitspbnfle oo
H&@&&i&@foﬂﬁ or i'oﬁ@,%hféﬂ%cﬂéﬂéé A §EGesR! HE pPT rEQiechvely.
process, all netal ‘conponents nust be present wholly
Apnalimling exampled 088pmpbeands i wiitlalecompote whth an increase in
catal yst particles can be effected by, for exa

| e,
tﬂmml atuge,tang therabyrinergass ondecweasedhophbef the S@ﬂuq?qxg ate: l)lrea,
nme

t.a . . . .
nitrites, ammonium cyanate, ammonium hydroxide, and ammonium carbonate.

[0040] The solid route of forming catalyst suitable for use in the present
invention comprises combining and reacting the metal components under
conditions such that at least one of the metal components remains at least partly
in the solid state. More in particular, it comprises adding the metal components
to one another and simultaneously and/or thereafter reacting them.
Consequently, in the solid route at least one metal component is added at least
partly in the solid state and this metal component remains at least partly in the
solid state during the entire reaction. The term "at least partly in the solid state"
as used herein means that at least part of the metal component is present as a
solid metal component and, optionally, another part of the metal component is
present as a solution in the protic liquid. A typical example of this is a

suspension of a metal component in a protic liquid, where the metal is at least



conponent solutions to such a value that precipitation

i s induced; b) adding a conpl exing agent during or
wafhb@riossbi nation of the netal conponent sol UPCOWS2005/013512

whi ch conpl exi ng agent forns a conplex with one or

nore of the netals to prevent precipitation of the

metal s, and thereafter changing the reaction

condi tions, such as tenperature or pH, such that the

conpl exi ng agent rel eases thejmetals for

precipitation; c) adjusting the tenperature during or

after conbination of the netal conponent solutions to

such I th i pi [ ) T
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onbi. nat | f, t | Lt ]
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ol ut ns to induce precipitation thereof, wth

fethes bveehsionésriongpridiag ntete qongminent(a) élsscslved and/or

essenti al ltépl nsoluble in this so]vyent;

sspededon tap pretic Beuida & léé}ﬁﬁki?fé;ﬁlt Rolissicntmne Solahpns either

Eaxiaeﬁégﬁ of %‘ﬂéc%gﬁl"%lry o Hhonstedt abaulfiet Sk Blion(s
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|ncrease in tenperature, will deconpose into hydroxide
ions or H+ ions, which increase and decrease t

[08didgct iAselopg aNo leastone n@t@mm(g@nbfs & et @ﬁgfy frﬂtg)@ solid
s“t“m'@'rca%f}f’;%’ér%éﬁé!r“oﬁt@ B3 e B rRRa o e toest
r?ly {h%Re solid state is not critical. Thus, it is possible for all metal
components to be combined in the solid route to be applied at least partly in the
solid state. Alternatively, a metal component that is at least partly in solid state
can be combined with a metal component that is in the solute state. For
example, one of the metal components is added at least partly in the solid state
and, e.g., at least two and preferably two metal components are added in the
solute state. In another embodiment, for example, two metal components are
added at least partly in the solid state and at least one and preferably one metal
component is added in the solute state. It should be noted that a metal
component is added "in the solute state" means that the whole amount of this

metal component is added as a solution in the protic liquid.

[0042]  As will be clear from the above, it is possible to add the Group VIII
metal component, the Group V metal component, and the Group VIB metal
component in various ways, at various temperatures and pHs, in solution, in
suspension, wetted or as such, simultaneously or sequentially. It should be noted

that it is preferred not to employ sulfide-containing metal components during the



nitrites, amoni um cyanate, ammoni um hydroxi de, and
anmoni um car bonate. [0040] The solid route of formng

woav@lystsosui t abl e for use in the present i nveRCTMIS2005/013512
conpri ses conbi ning and reacting the nmetal conponents
under conditions such that at |east one of the netal
conponents renmains at |east partly in the solid state.
More in particular, it conprises adding the netal
conmponents to one anot her angssi nul taneously and/ or
thereafter reacting them Consequently, in the solid
route at | east one netal conponent is added at |east
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i q A typi cal le of. . this is a suspension of a
RSt Heg%&bfewtqrw éﬁ&r ?@m?‘gui d, where the netal is

at leastpartly present as a solid, and optionally

partly dissolved in‘the protic liquid. Thus, it is

mbl &difibld WaterROARAE Erdup VAPERS I RoR] odenBttalbe used in the
onponent in the protic liquid and to ad (%I)

?tep?thdthE yatlysusdebde fwiyse haeocbmtmduds yaldm@duoh as nitrates,

urt her
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er simul taneous or successively. [0041] | ong

fiferédf dsemell a9 ﬁﬁsk@hﬂboplwgpbnerSultﬁﬂeaWat&Eimﬂulﬂa uﬁdannmponents
the solid state during the solid route, the nunber of

imefade irompoetate, shiomile, fyrmaie, niwals: sy#ate joy migturge theseofy

st at t
ﬁgﬁzgﬁlelvgatggsolgu &}%ﬂp A% metai compoﬁ)en%s? hE:lSdef &rroﬁiﬂ VIB metal

salts such as ammonium or alkali metal monomolybdates and tungstates as well
as water-soluble isopoly-compounds of molybdenum and tungsten, such as
metatungstic acid, or water-soluble heteropoly compounds of molybdenum or
tungsten comprising further, e.g., P, Si, Ni, or Co or combinations thereof.
Suitable water-soluble isopoly- and heteropoly compounds are given in

Molybdenum Chemicals, Chemical data series, Bulletin Cdb-14, February 1969,

and in Molybdenum Chemicals, Chemical data series, Bulletin Cdb-12a-revised,

November 1969. Suitable water-soluble chromium compounds include
chromates, isopolychromates and ammonium chromium sulfate. Suitable water-
soluble Group V metal components to be used in the process of the invention
include water-soluble salts and acids such as vanadium sulfate, vanadium

heteropolyacids, niobic acid, NbOCI3, and tantalic acid.



conmponents to be conbined in the solid route to be

applied at least partly in the solid state.
wahoesrsash vel y, a nmetal conponent that is at | e@sts2005/013512

partly in solid state can be conmbined with a net al

conponent that is in the solute state. For exanpl e,

one of the metal conponents is added at |east partly

inthe solid state and, e.g., at least two and

preferably two netal conponengs are added in the

solute state. In another enbodi nent, for exanple, two

nmetal conponents are added at |east partly in the
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[0042] As will be clear fromthe above, it is possible
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ftaxidés of hestreothessufnare mafertdde withshydrory-carbonates
products are not stable in_the pr ?sence of "ox) gBan.
Tndsarbasnases baing masp preferredfoengrally, the saelag ¥3é1y5>s etween the
ubsequent to t addi tion of thi t (TP
Yydiotihgtuna and e dponafipapyPuhe fEHORE0BRRaRdies inthe
oQu M i t it k4h -
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wat er - sol uble Group VI1I netal components to be used
in the preparation of the catalysts suitable for use
[0045]n iIfichepeoticdiquid isweteragitable Grewn ViBdangtakgomponents
nitrates, chlori , . Ol | .
Mcp}gg]%satgéqsﬁ %{a'@ﬂffh thg%g{lgts‘?a e ghqulgé Icgﬁtsabtlﬁg lct)%ltp%f'sb Group VIB
metal components with a low solubility in water, such as di- and trioxides,
carbides, nitrides, aluminium salts, acids, or mixtures thereof. Preferred Group
VIB metal components which are at least partly in the solid state during
contacting are di- and trioxides, acids, and mixtures thereof. Suitable
molybdenum components include molybdenum di- and trioxide, molybdenum
carbide, molybdenum nitride, aluminium molybdate, molybdic acids (e.g.
H,Mo00,), ammonium phosphomolybdate, or mixtures thereof, with molybdic
acid and molybdenum di- and trioxide being preferred. Suitable tungsten
components include tungsten di- and trioxide, tungsten carbide, ortho-tungstic
acid (H,WO,*H,0), tungsten nitride, aluminium tungstate (also meta- or
polytungstate), ammonium phosphotungstate, or mixtures thereof, with ortho-

tungstic acid and tungsten di- and trioxide being preferred.



formates, acetates, or hypophosphite. Suitable

wat er - sol ubl e ni ckel and cobalt conponents include
waiosanes9 sul f at es, acetates, chlorides, fornRCEASH05/013512

m xtures thereof as well as nickel hypophosphite.

Sui t abl e wat er-sol ubl e iron conponents include iron

acetate, chloride, formate, nitrate, sulfate or

m xtures thereof. Suitable water-soluble Goup VIB

met al conponents include Gqyp VIB netal salts such as

amoni um or al kali netal nononol ybdates and tungstates

as well as water-sol ubl e i sopol y-conpounds of

R D Bache aTRba B s TR D AL b dhet¥ which
t t i si ng. her : _ et N . .
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dekideamphoipitides,amd boridés! ybdenum Cheni cal s , Cheni cal

data series, Bulletin Cdb-12a-revi sed, Novenber 1969.
Sui t abl e wat er - sol ubl e chrom um conpounds i ncl ude

@Bﬁ?ﬂ?te ?’[S%Ui(ggg l@%ﬁg&{ tg?ﬁ% ?%W%E%@&m@gﬁég%fgﬁpme%mﬂed person
o 3eRet &Ti‘t&}lé Qoﬁ%}édgfglsgmlbﬁé‘@olﬁge&?&s? a9thd HReiAMERIGuR, in the

e Water-so alts and aci ds such as vanadi um

Sébhatien ofanadilkimbel eaabatyasiddsereini obi ¢ aci d, NbCCB,
and tantalic aci-d.[0044] In the preparation of the

hydr opr ocessi ng catal ysts suitable for use herein, if
the protic liquid is water, suitable G.oup V]|
E)&Aﬁg nein $heponipxteidhg Present sp eﬁ}ﬁqa}t&pni, the ﬁlgtegg‘ll itlga‘?t\)%'ll be at
tate duri t he C ' ' i
Redue Oy in ot SRRt e BYORESS 10 ERTRDISS oftess than
ﬁ\’@g Gho? 400 ABsdH ¢t 8%C). OXBbait @Rouldeidasted ebat if so desired, a
ydr oxy- car bonat es,” hydroxi des, phosphat es,

pheshisdlesteddiomithaesip obbinddameterials; egsyentéenal
oxi des, or m xtures thereof. Oxal ates

hydroprocessing catalysts, cracking components, of mixtures thereof can be
added prior to, during the combining and reacting of the metal components
and/or subsequent thereto. These materials will be designated as "carrier

materials" below.

[0049]  The carrier material can be added prior to the contacting of the metal
components by, for example, combining it with one or more but not all of the
metal components or vice versa, and by subsequently combining the mixture
with the not yet added metal components either simultaneously or successively.
The carrier material can be added during the contacting of the metal components
by, for example, simultaneously combining the carrier material and the metal
components or first combining the metal components either simultaneously or
successively and then adding the carrier material during the reaction of the

combined metal components. The carrier material can also be added subsequent



citrates, carbonates, hydroxy-carbonates, hydroxides,

phosphates, nolybdates, tungstates, oxides, or
woiasuest hereof, are preferred, with PCT/US2005/013512

hydr oxy- car bonat es and car bonates bei ng nost

preferred. Cenerally, the nolar ratio between the

hydr oxy groups and the carbonate groups in the

hydr oxy-carbonate lies in the range of 0-4, preferably

0-2, nore preferably 0-1 andpgpst preferably 0.1-0.8.

[0045] If the protic liquid is water, suitable G oup

VI B netal conponents which are at least partly in the
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(HR2WDA*H20), tungsten nitride, alum niumtungstate . .
Yaiither, itds possiblepgothermalbt @@@)ﬁ,le satabIst GeRnposition prior to its being

phosphot ungst ate, or m xt t her.eof . .
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I nventi on conprise Goup V netal conmponents with a | ow

solubility in water such as oxides, suicides,

hosphi des, and hori des. . .
0050] Optionally, t}?er ;I)roggss of preparing the bulk metal catalyst suitable

for use herein may comprise the further process steps of spray-drying, (flash)
drying, milling, kneading, slurry-mixing, dry or wet mixing, shaping, and/or
calcining. Dry mixing means mixing the catalyst composition in the dry state
with any of the above materials in the dry state. Wet rﬁixing, for example,
comprises mixing the wet filter cake comprising the catalyst composition and
optionally any of the above materials as powders or wet filter cake to form a
homogenous paste thereof. Shaping comprises, for example, extrusion,

pelletizing, beading and/or spray-drying.

[0051] Tt is generally preferred that the process selected to prepare the
catalysts used herein comprise a shaping step. The shaping step is preferably

carried out after the combining and reacting of the metal components. If a carrier



[0047] It should be noted that it is well within the

scope of the skilled person to select suitable soluble
wonroisnessgbl e conpounds, as the case may requi PET/USEN05/013512

the preparation of the bulk netal catalysts used

herein. [0048] In the context of the present

specification, the material that will be at | east

partly in the solid state during the entire process

has a solubility of |ess thapg0.05 nol/ 100 m sol vent

(180C). Also, it should be noted that if so desired, a

materi al selected fromthe group of binder materials,
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[0049] The carrier material can be added prior to the
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gtmdd_piherqorocess steps which will be discussed in
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[0053] As indicated above, it is preferred that sulfur is incorporated into the
catalyst composition after combining the various metal components to form a
product. There are various ways to do this. It is, e.g., possible to contact the
catalyst with one or more of the sulfur compounds described above, e.g., by
contacting the product with a sulfur-containing liquid. Such liquid may be the
liquid form of a sulfur component. It may also be a solution of a sulfur
compound. For elemental sulfur it is possible to incorporate the sulfur into the
catalyst via melting or sublimation. It is also possible to sulfide the product in
the gaseous phase by contacting it with a sulfur-containing gas like H,S. Finally,
it is also possible to sulfide the catalyst by contacting it with a sulfur-containing
hydrocarbon feed, e.g., a hydrocarbon feed that has been spiked with a sulfur-
containing compound such as dimethyldisulfide (DMDS). Depending on the

method used, sulfiding, i.e., contacting the catalyst with a sulfur-containing



bel ow. Preferably, the carrier material is added
subsequent to the contacting of the netal conponents.
waonbisaesdshy, the catal yst conposition resulti ngCafusenns/o13s12

combi ning and reacting the netal conponents can be
subjected to a solid-liquid separation before being
conposited with the carrier materials, for exanple,
filtration. After solid-liquid separation, a washing

step may be carried out. Furbher, it is possible to
thernally treat the catalyst conposition prior to its
bei ng conposited with the carrier naterlals. The

carrier, materials can be d t bl
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slurry-m xing, dry or wet mX| and/
dissadved ﬁglfuxmqmmuad@s @@gﬁbe@a Yf‘gwm gep %@Laly)})&&ne ex situ. In
t%h}n&sg Igt Jlglggfrplepc}%{]rgggm e%tplgttg E%@]Ey B%F grgﬁ%a)(i:lgiﬁ ‘aterial to
da%f;%ﬁ r}%{wﬁ‘@l H}Faﬁo asf désbﬁbe& aB@vé: Wd&ivﬁﬁoh nﬁth

osI t17on n optionally any of the above

lﬁ@dr@ él@bén B6 dpawes sy f el f iTt tleould deendied ﬂmrt m the context of
hormgenous paste thereof. Shaping conprises, for

mmegl,t spemﬁusmmmhepadxcetwlz ihgitu IRIgES g Bﬁﬁ’&ﬁ%ﬁ carried out in
B0 A% SE88he P SEPE RS  Sblssing o
LR TR By OB 19 o Con@f@a@réawaﬁ%%ﬂt Bot oside

LRACHHT Eg of the metal conponents. If a carrlernaterim
I's to be added in the process according to the

invention, it is preferably added before the shaping

st%P is carried out

[0054] Two preferred embodiments to prepare bulk metal catalysts suitable

for use in the present process will be elucidated below.

[0055] A first embodiment is a process comprising the successive steps of
combining the metal components in a protic liquid, optionally mixing the
resulting product with a carrier material, shaping the resulting composition, e.g.,
by spray-drying or extrusion, optionally calcining the resulting composition, and
combining the resulting product with a sulfur-containing compound. A more
preferred version of this embodiment comprises the steps of combining and
reacting the metal components in a protic liquid, isolating the reaction product,
optionally mixing the resulting catalyst composition with a carrier material,
shaping the resulting composition, e.g., by spray-drying or extrusion, calcining

the resulting composition, and sulfiding the resulting material.



[0052] It should also be noted that, if so desired,

the product resulting fromthe conbining of the G oup
woRkods/woesal conponent, the Group VIB netal conpomaistgos/013512

and the Group V netal conponent may be subnitted to a

cal cination step. This calcination step, if applied,

Wi ll generally be carried out at a tenperature of

100- 6000C, nore in particular 150-4500C, still nore in

particul ar 250-4500C. The cabgination tinme generally

varies fromO0.5 to 48 hours. The cal cination nmay be

carried out in an inert gas such as nitrogen, or in an

EBEnaipy o chﬁﬂg%%z@%ﬁx@maar oPhifls BRI ErB R g above-

AP TR B GoRIEIEIR el BRI e =
Tehdtta wapok rodiet kg @rlﬁgﬁ@bwﬂuwt Tht vapoepadust typically

conposition after co ning the various netal
mnmmrgasemm rfeactmmpmdaduwchuﬁ &hS. allee Liguidqureduetyis

to do thi bl
mtcaﬁysthé Aesirecoprodg RahgiyeRTobREIE RERpBLaSen by the
descr.i bed_-above
rgag% l?laﬁr BB Ry oyt pBORRH it Dbt Vol ke
TR LR gbibed ‘fgd?é%*%%%%rﬁgéilviﬁ‘gm&?ﬁﬁ?ﬁff“ﬁs The
' ¢f$ecﬁﬁ/ésh}*d|r@tréa1mg’mrdpmm aretshiectad tblhe défficadiviersd removing at

catal yst via nelting or sublimafi s al so
leastsi pvrsion®fdhe nittgenrandpraanically OPH@ Sﬁfsf%%%a s and

RSO e BB BB
%:gg?&é/a?ﬁ I?'}’lu gﬁgé H@ufd aerHg@t IBivind E%Wépéﬁrfﬁeﬁtrﬁﬁon of

ocar bon rocar bon feed that has

J%ﬁihtfc@ Ialﬁaqnmgén @n %ahtdaﬂlyttﬁiumdrsglﬁ:m opmiantnanis thasthe
di met hyl di sul f1de Dependi ng on the

hydrocarbonaceous feedstream 1s produced.

[0057] In one embodiment of the preseht invention, the vapor product and the
liquid product are separated, and the liquid product recovered. The method of
separating the vapor product from the liquid product is not critical to the instant
invention and can be accomplished by any means known to be effective at
separating gaseous and liquid reaction products. For example, a stripping tower
or reaction zone can be used to separate the vapor product from the liquid
product. If the effective hydroprocessing conditions are hydrotreating
conditions, the liquid product recovered will have a sulfur concentration lower
than that of the hydrocarbonaceous feedstream, and will preferably have a sulfur

level low enough to meet regulatory requirements imposed at the time of

production.



nmet hod used, sulfiding, i.e., contacting the catal yst

Wi th a sul fur-containingconpound, can be carried out
wonowsispsand/ or ex situ. Contacting the producPCRiuSkn0s/013512

gaseous sul fur conmponent such as H2S can be done ex

situ or in situ. Contacting the product with a

sul fur-containing hydrocarbon feed is preferably done

in situ. Contacting the catalyst with elenmental sulfur

or wwth a liquid or dissolvegdgsul fur conpound as

descri bed above will generally be done ex situ. In

this case it may be desired however, to subject the

RS R I e Y
%?@qﬁﬂ%@@h bﬁhdjs%r&ilféeﬁx@' '%1? af willretbbtize thatShRs émB6diments

€ con e presént specification
thheaienuanyicPrclive sbild beed@rised for@afyimess therspirddiahis
In thgg%hi in which the' catalyst g?ll be eventually
insedtiom t he hydroprocessi ng of hydrocarbon feeds.
Conversely, ex situ refers to a process carried out
not inside such unit. [0054] Two preferred enbodi nents

epaLe | k.nmetal ¢ YiS: ' . !
(oDs8E e 3k B SaRE b BRS B SH Bet il A bsr LN EBRE g v
fdimbafIBIBhITh duy stbpCesS comprising the |
successi ve steps of conmbining the netal conponents in
a protic liquid, optionally m xing the resulting
product with a carrier material, shaping the resulting
E LLESn, e.g., by spray-drying or extrusion
optionally calcining the resulting conposition, and
conmbi ning the resulting product with a

Ex iﬂpﬁﬁgt ai ni ng conpound. A nore preferred version

odi ment conprises the steps of conbining
PREpAeRion 6%a LRIVt icehtsinipo nrlybdemua, papadinrh] and dickel
rsolating € reaction product, optionally m xing the

resulting catalyst conposition with a carrier

F(?Otﬁ%ﬁ ! alA catalyst composition was prepared as follows. 78 grams of nickel
hydroxy-carbonate, 31 grams of MoOs and 21 grams of vanadium pentoxide
were combined in an aqueous medium. The slurry was aged overnight at 90°C
under stirring. The resulting suspension was filtered and the wet filter cake
mixed. During the mixing, the temperature was increased somewhat to reduce
the water content of the mixture to obtain an extrudable mix. The mixture was
then extruded, and the extrudates were dried at 120°C and calcined at 300°C. The
resulting material contained 27.3 wt.% of molybdenum, calculated as trioxide,
20.4 wt.% of vanadium, calculated as vanadium pentoxide, and 52.2 wt.% of

nickel, calculated as oxide. The Mo:V:Ni molar ratio in the end product was

0.27:0.33:1.



shaping the resulting conposition, e.g., by

spray-drying or extrusion, calcining the resulting
woanpaesash on, and sul fiding the resulting PCT/US2005/013512

mat eri al . [ 0056] The contacting of the

hydr ocar bonaceous feedstreamw th the abovedescri bed

hydr opr ocessi ng catal ysts produces a reaction product

conprising at |east a vapor product and a liquid

product. The vapor product tygically conprises gaseous

reacti on products such as H2S. The liquid product is

typically the desired product fromthe hydroprocessing

[ osen by the practitioner. For exanple, in
Pg:gigﬁgéggnent of the instant invention, the effective
BRBLPRAGH 95! RSP L adiih g3 fioSlehe Ghiivii didd nedielng

, “EcrrVE‘ﬁ§UT§FF§§F ng conditions are
selected to be effective at renobving at |east a
portion of the nitrogen and organically bound sulfur
[0061 ]ani Aacatslyahebrhyettbge measiprgpated e 05 Lrams of sickst

sajd aronmatics_in the dr ocar bonaceaus f strea .
EEET ORI G TR e

concentration qf i .
GO RLiP heP TSP AL EREA R drpre. The rling
rﬁé{&ﬁ%ﬁgéﬁﬁﬁﬁa%.%@ﬁﬁg@@m tglcnlhadumedioxd) 3814 Wa% of
one enbodi nent of the present invention, the vapor

winadiieh, eibculbied dsivanadiupr penioxidss end 804wt ¥alof mislick he
liquid product recovered. The methad of, separ ti(ﬁ; Q%l
andpiategdras @xade. flenVe NaNT melatdaisp b tha endsprpductis; Q- £:0;50:1.
to the instant invention and can be acconplished by

any means known to be effective at separating gaseous

Eﬂm%g reaction products. For exanple, a stripping

action zone can be used to separate the
PRGfrakiondiad cdtabyst cbatdining shobyledemtm, hiobiwm, and nickel
eftective hydroprocessing conditions are hydrotreating
conditions, the liquid product recovered will have a

[S()lf)|6f2iJ ' %ggt% yts{: g(t)rln%gsilti%\rl\l/ev{fas prepared from 72 grams of nickel

hydroxy-carbonate, 32 grams of Nb,O53H,0, and 29 grams of molybdenum
trioxide in a manner analogous to that described in Example 1 above. The
resulting material contained 29.8 wt.% of molybdenum, calculated as trioxide,
26.0 wt.% of niobium, calculated as niobium pentoxide, and 45 wt.% of nickel,
calculated as oxide. The Mo:Nb:Ni molar ratio in the end product was

0.34:0.33:1.

EXAMPLE 4

Preparation of a catalyst containing tungsten, niobium, and nickel

[0063] A catalyst composition was prepared from 61 grams of nickel
hydroxy-carbonate, 27 grams of Nb,O53H,0, and 42 grams of tungstic acid in a

manner analogous to that described in Example 1 above. The resulting material



than that of the hydrocarbonaceous feedstream and

wi Il preferably have a sulfur |evel |ow enough to neet
woeosl1asssy requirenents i nposed at the time oPCT/US2005/013512

production.[0058] The above description is directed to

several enbodi ments of the present invention. Those

skilled in the art will recognize that other

enbodi ments that are equally effective could be

devi sed for carrying out thesgpirit of this invention.

[0059] The follow ng exanples will illustrate the

present invention} but are not neant to limt it in

aing 35 e 5 aF oo, et S EERh 205 hf of obiom.

: S 0 1
NG HeqRsTROREE poBIRRS Ui 38 AGEIPLPRRIEE caRuLi] Y Bside.
PR V2N B aitlapfatioAinatiec end pesduds wide 0182:0.330hbi ned in
an aqueous nmedium The slurry was aged overni ght at
9Q0C under stirring. The resulting suspension was
filtered and the wet filter cake m xed. During the

tenperature was i ncreased sonewhat to
ieo{uce the water content of the m xture to obtain an

able m x. The m xture was then extruded, and the
@E%El,‘ datgs MeRe c‘afdlféif Herd R4 ANt GG teslilaF red8RR Each
e resulting material contained 27.°3 wt. % of .

reabiob detre contaimled UlOatb df estalyst miketbwithGandequial @rmfunt of SiC
vanadi um_cal cul at ed as vanadi um pent oxj de, and 52.2
partivdesfandisehdwiched) betwaer tryges @ixPifebartigtesnvb: V: Ni - nol ar
ratiro in the end product was 0.27:0.33: 1. EXAMPLE 2

[0065] Before being tested the catalysts were presulfided via liquid phase
presulfiding using the feed described below which had been spiked with
dimethyl disulfide to a total sulfur content of 3.7 wt.%. The presulfided catalysts
were then tested in the hydrotreating of a diesel feedstock having the following

properties:
S (wt.%) 1.2
N (ppmwt) 84
total aromatics (wt.%) 27.8
polynuclear aromatic (PNA) (wt.%) 11.7
mono-aromatics (wt.%) , 16.5

' di-aromatics (wt.%) 10.8
tri+-aromatics (wt.%) 0.8
Simulated distillation ASTM-D 86
Initial boiling point 184°C
5 vol.% 218°C
10 vol.% 231°C
30 vol.% 265°C
50 vol.% 287°C
70 vol.% 310°C
90 vol.% 345°C

Final boiling point 374°C



Preparation of a catal yst containing tungsten,
[0061] A catal yst conposition was
hydr oxy- car beaatus2003813512

vanadi um and ni ckel

wonrepansedof rom 65 grans of nickel
granms of vanadi um pent oxi de,

acid in a manner anal ogous to that described in

Exanpl e 1 above.
wt . % of tungsten,

w . % of ni ckel,
ratio in the end prod

The resulting materi al

cal cul ated as trioxide,
vanadi um cal cul ated as vanagjum pent oxi de,
cal cul ated as oxi de.
is 0.18:0.30:1. EXAWPLE 3

uct

The W V: Ni

and 45 grans of tungstic

cont ai ned 29

18. 4 wt . % of

Preparation of a catal yst containing nol ybdenum

ni obi um and ni ckel

prepared from 72 grans of nickel

granms of Nb2Cb 3H2O, and 29 grans of nol ybdenum

Etxdeé}i derHecatalfBRPére20RE@ BAGS the édirlitid@scri bed in
The resulting materi al

wt . % of nol ybdenum cal cul ated as tri oxi de,

anpl e 1 above.

of ni obium cal cul ated as ni gbi

wt . % of ni ckel,

cal cul at ed a&9®

100

m pent oxi de,
The Mo:

mol atemperatore (PG)he end product $3@ 0. 34:0.33:1.340
EXAMVpdssikeRfbapar ati on of a catal4fst containing 20

t UNIEHER, oi 4 (‘NIVI%and ni ckel

S pr
nat e,

pa
27

hyar GRSl

red from®6
grans of.

3

[0063] A catal yst3go

grans of nic
G6' 3H20, andk(ftgg

and 50.9
nmol ar

[ 0062] A catal yst conposition was
hydr oxy- car bonat e,

32

contai ned 29.8
26.0 w. %

45
Qgg&ition 2

granms of tungstic acid in a manner anal ogous to that

descri bed in Exanple

contai ned 39.5 wt. % of tungsten,

1 above.

nt ail ungs cal cul ated as
006711 dephe?RsOrasbtdarf givk® i 88 following table:

The resulting materialt

TABLE
NiMoV NiWV NiMoNb NiVNDb

Example 1 | Example 2 | Example 3 | Example 4

Condition 1
product S (ppm) 27 31 19 26
product N (ppm) 1.7 1.2 1.7 1.8
total aromatics (wt.%) 20.0 18.7 16.9 14.8
polynuclear aromatic (wt.%) 0.9 1.0 04 0.7
mono-aromatics (wt.%) 19.1 17.7 16.5 14.1
di-aromatics (wt.%) 0.9 1.0 0.4 0.6
tri+-aromatics (wt.%) 0 0 0 0.1

| Condition 2
product S (ppm) 563 424 72 72
product N (ppm) 17.1 16.5 2.0 4.7
total aromatics (wt.%) 26.6 26.4 25.4 24.9
polynuclear aromatic (wt.%) 4.2 4.3 2.1 4.0
mono-aromatics (wt.%) 22.4 22.1 23.3 20.9
di-aromatics (wt.%) 4.0 4.1 2.0 3.6
tri+-aromatics (wt.%) 0.2 0.2 0.1 0.4




cal cul ated as ni obi um pent oxi de, and 38.7 wt. % of
ni ckel , calculated as oxide. The WNb: N nolar ratio
wonoeshessnd product was 0.32:0.33 : 1. EXAVPLE BCTASRI08Q13512
[0064] The above catal ysts were tested in an upfl ow
tubul ar reactor. Each reactor tube contained 10 m of
catal yst mxed with an equal anmount of SiC particles
and sandwi ched between | ayers of SiC particles. [0065]
Before being tested the catalygsts were presul fided via
l'iquid phase presul fiding using the feed descri bed
bel ow whi ch had been spi ked with dinmethyl disulfide to
a total sulfur content of 3.7 wt.% The presul fided
catalysts were then tested in the hydrotreating of a

ﬁi&%ﬁ% daﬁo?/% ii‘eé?ﬁ’gé s@gv&{ ﬂglt%g Iﬁ!aér gér/lrz?? gg&%’\i\ﬁfﬂfé ﬁi@ser@ invention

Ve %ﬁﬂro’e‘é@fﬁﬁﬂ 18 higi¥active i1Ygulfdr ahdminegan cuemblvals
w . 9% 5 di-aromatics (w.% 10.8 tri+-aromatics

Avidltﬂzananygthsu destesse dn gokymiucleat aromaABFMNG dgramatisas

boi | i ng point 1840C 5 vol . % 2180C
particularly striking.



10 vol . % 2310C 30 vol . % 2650C 50 vol . % 2870C 70 vol . %

3100C 90 vol . % 3450C Fi nal boiling point 3740C] 0066]
wohersuasabyst s were tested under two conditi onBCT/US2005/013512

Condition 1 Condition 2 tenperature (0C) 330 340

pressure (bar) 40 20 H2 to oil ratio (NI/1) 300 300

LHSV (1/h) 1.17 0.88 [0067] The test results are given

in the follow ng table: TABLE[ 0068] The above results

show that the catal ysts usedsyn the present invention

provide for a process that is highly active in sulfur

and nitrogen renoval. Additionally, the decrease in

MI ear aromatics and diaromatics is particularly
g. CLAIM5 ; 1. A process for producing |iquid

products from a hydrocar bonaceous feedstream
conprising: a) contacting a hydrocarbonaceous boiling
[.angeAfmededsonprotueina hiwd produes fiosn ahydrogeboravdous
organi cal ly bound sul fur contam nants in a reaction

st agefeedstinean lootriprisgigl hydr opr ocessi ng cat al yst in

t he presence of . hyd 08 ont ai ni rea QF er eby
a) contactmg a hy rocarbonaceous o1 ing rang% eeds ream

containing aromatics, nitrogen and organically bound sulfur

contaminants in a reaction stage with a bulk metal hydroprocessing

catalyst in the presence of hydrogen-containing treat gas thereby
producing a reaction product comprising at least a vapor product
and a liquid product, wherein said hydrocarbonaceous feedstream
is contacted with said bulk metal catalyst under effective
hydroprocessing conditions and said bulk metal hydrotreating
catalyst comprises:

i) a Group VIB metal component selected from molybdenum,
tungsten, and mixtures thereof;

i) a Group V metal component selected from vanadium,
niobium, tantalum, and mixtures thereof; and ‘

iii)  a Group VIII metal component selected from nickel, cobalt,
iron, and mixtures thereof; wherein the metal components
(calculated as oxides) comprise at least 50 wt.% of the
catalyst, wherein the molar ratio between the metal
components expressed by the formula (Group VIB + Group
V):(Group VIII) ranges from 0.35:1 to 2:1.

2. The process according to claim 1 wherein said hydrocarbonaceous
feedstream has an atmospheric boiling ﬁoint range from 40°C to 1000°C,

and wherein said reaction stage comprises one or more reactors or



produci ng a reaction product conprising at |east a

vapor product and a |iquid product, wherein said
wayadisaosashbonaceous feedstreami s contacted w t RCEAISA05/013512

bul k metal catalyst under effective hydroprocessing

conditions and said bul k netal hydrotreating catal yst

conprises: i) a Goup VIB netal conponent selected

from nol ybdenum tungsten, and m xtures thereof; ii) a

G oup V netal conponent sel egged from vanadi um

ni obium tantalum and m xtures thereof; and iii) a

Goup VII'l netal conponent selected from nickel

cobalt, iron, and m xtures thereof, wherein,the t.al

comdtisken 2o OIS TS Pie 65 s SrtaLst RpdY seleytod from
0 I .

the wlE A0 ERATMRL of IR A bediC el dtina BidsOsIRfIRAR, fixed

VI B +,&@s08Rd Moviss Beds, WHdrdin'canh @F shidandlo3note tataBsibeds
2. The process according to claim1 wherein said

hy dr ocatthios acatalgstisaidblerfoa theweaction aoneipwbidhcthe catalyst bed
boi | i_ng poi nt range from 4Q0C to 10000C, and wherein

sai d isdaeattdn st age conprises one or nore reactors
orreaction zones each conprising one or nore catal yst

beds sel ected fromthe group consisting of fluidized

peds, Tﬁg ggﬂsc%ts%\g&oqﬁﬁi& to%|}111§'r frECé?ﬁgé clait*9HerefiSaid @84t tion stage

novi ng ereln-eac sal one or nore catal yst

beds gsmmpab&sor eamateyfked vhtabit bedsand veheremctaidprocess
zone in which the catalyst bed js |ocated.
further comprises cooling between the one or more catalyst beds, the

reactors, and/or the reaction zones in said reaction stage.

4, The process according to any preceding claim wherein said
hydroprocessing process is selected from at least one of hydroconversion,
hydrocracking, hydrotreating, hydrogenation, hydroisomerization,

catalytic dewaxing, demetallation, ring-opening, and mixtures thereof.

5. The process according to any preceding claim wherein said bulk metal
hydroprocessing catalyst has a ratio of the total molar amount of Group
VIB and Group V metals and the molar amount of Group VIII metal,
expressed by the formula (Group VIB + Group V):(Group VIII), ranging
from at least 0.6:1 to at most 1.5:1.

6. The process according to any preceding claim wherein the sum of the
weight percents of the Group VIB, Group V and Group VIII metals,
calculated as oxides, ranges from 70 wt.% to 90 wt.% of the catalyst,

based on the weight of the catalyst.



3. The process according to any precedi ng claim

wherein said reaction stage conpri ses one or nore
woinsdosad al yst beds, and wherei n said processPEUUSk®SE/013512

conprises cooling between the one or nore catal yst

beds, the reactors, and/or the reaction zones in said

reaction stage. 4. The process according to any

precedi ng cl ai mwherein said hydroprocessi ng process

Is selected fromat |east onggof hydroconversion,

hydr ocr acki ng, hydrotreating, hydrogenati on,

hydr oi sonmeri zati on, catal ytic dewaxi ng, denetallation,

oot SREE R AL B9 KSRt oo
R e e LT

the nplisstaimyHll of thercaulystsl Grompt Ametak pr essed by the
formula (Goup VIB + Goup V):(Goup VIII), ranging
fromat least 0.6:1 to at nost 1.5:1. 6. The process
according to any preceding cl ai mwher.ein,the sum of

Bhe wahgBrogsss aeerrding to Jy RECEeHng/C ,III)GNB%II”\[/ gmount of

G oup V| t L, i

70wt c9patbeiEn GShpfRef KoM 8169 S0 E2 e oAbl il of
wei gh 'CAERY §IH metdhe process according to any

pr eceglleg%atézlpgtlsfn@vﬂlrei n tehe anmount of vanadi um and/ or

ni obi um ranges fromat |east 50 nole%up to

substantially all of the catalyst's_ Goup V. netal. 8.

9he phbegsecese eoeqrding toamipreseding #laig where fpastantially all of
t he amount of bal t. and ni.ckel ranges from at | east

50 mof ﬁw&ﬁﬁ%&?&m@%@ly all of the catalyst's

Goup VIIl netal.

10.  The process according to any preceding claim wherein said bulk metal
hydroprocessing catalyst is formed by a process which comprises
combining sequentially or simultaneously: said Group VIB metal
component selected from molybdenum, tungsten, and mixtures thereof;
said Group V metal component selected from vanadium, niobium,
tantalum, and mixtures thereof; said Group VIII metal component
selected from nickel, cobalt, iron, or mixtures thereof; and said sulfur

compound.

11.  The process according to any prec’eding claim wherein said catalyst
forming process involves combining, in a first step, said Group VIB metal
component, said Group V metal component and said Group VIII metal
component to form an oxygen-stable product and, in a second step,
combining the resulting oxygen-stable product with a sulfur compound

under conditions wherein at least part of the metal components of the bulk



9. The process according to any precedi ng claim

wherein substantially all of the Goup VIII netal is
wai2elsas9540. The process accordi ng to any precedimg2005/013512

cl ai mwherein said bul k nmetal hydroprocessing catal yst

is formed by a process which conprises conbining

sequentially or sinmultaneously: said Goup VIB netal

conmponent sel ected from nol ybdenum tungsten, and

m xtures thereof; said G oupay.netal conponent

sel ected from vanadi um niobium tantalum and

m xtures thereof; said Goup VIII netal conponent
selected framnickel, cqobalt, iron, or.mxtures .
©her oeelivdrenpeeSiia GRS st s shavensd ifh B ERpegtive

accorg{hﬁge§ o0 any precedi ng claimwherein said catalyst
formng process involves conbining, in a first step,

said Goup VIB netal conponent, said G oup V netal
conponent and said Goup VIII netal conponent to form |
22 ox¥hepradeabhecqrdimgutotclaind] whereinssaébpepossefirther comprises:

conbi ni ng the resul ting oxygen-sfable.product wth a

sul f ub) conpriasdgherad VaRUPOCYRIT AR qﬁ¥dcp@\£“§lFE ARl

of the netal conmponent ST

hydr o ocegescpxarqﬁ%tg%];a)}iquqé P g}gloc %\%fé&g@?%aﬁg élqtuﬁ%PFOduCt has a
respecti vegguld hiessen] dnd AinRIRRDR e H]0vertthan said
claim1 whereln said process further conprises: b)

separ at i nghgdiodartamaceqrsddedstreanom sai d ' i qui d

product; and c) recovering said |liquid product,

wherein said liquid product has a sul fur, nitrogen,

ﬁggr g@g%&#&&%ﬁg& gtkg;@)i eingfgm‘:ege 11r1.g tci]aallrrﬁ #Abin said effective

hydroprocessing conditions are selected so that at least a portion of said
nitrogen and organically bound sulfur contaminants are removed from
said hydrocarbonaceous feedstream and at least a portion of said

aromatics are hydrogenated.

14.  The process according to any preceding claim wherein said effective
hydrotreating conditions comprise temperatures ranging from 150°C to
425°C, weight hourly space velocities range from 0.1 to 20hr, and
pressures ranging from 4 to 70 atmospheres (4.05 to 70.93 bar).

15.  The process according to any preceding claim wherein the nitrogen
content of said hydrocarbonaceous feedstream is 50 to 1000 wppm
nitrogen, the sulfur content of the hydrocarbonaceous feedstream ranges
from 50 wppm to 7000 wppm, and the aromatics content ranges from
0.05 wt.% to 2.5 wt.%, all based on the weight of hydrocarbonaceous

}
feedstream.



13. The process according to any precedi ng claim

wherein said effective hydroprocessing conditions are
weebdahe3d9so that at | east a portion of sai d nPCTWYEW5/013512

and organically bound sul fur contam nants are renoved

from sai d hydrocar bonaceous feedstream and at |east a

portion of said ' aromatics are hydrogenated. 14. The

process according to any precedi ng claimwherein said

effective hydrotreating condifg.ons conprise

tenperatures ranging from 1500C to 425C, wei ght hourly

space velocities range from0.1 to 2ChT 1, and

gressures ranging from4 to 7q3§t”0 heres (4.05 to

6. 93 1baProcess acqgrding \ocuysPrae PaiC%th &1 pFEcedi ng
cl ai erej h [ ' e
hydr oPHoBsARRBtEo PR R e hrofplfummm gas oils
nitr Oaﬁﬁna%éaqnémmg ndHhE Miesel, KeiGsdnp st it Foslahednsgas oils,
feedstream ranges from 50 wppmto 7000 wopm and the
ar omatif€imateepaehiubeanifges from 0.05 wt. % to 2.5 wt. %
all based on the weight of hydrocarbonaceous
feedstream 16. The process according to any preceding

v clai mwherein said hydrocarbonaceous feedstreamis
sel ected fromvacuumgas oils; distillates including

napht ha, di esel, kerosene, and jet fuel; heavy gas
oils, raffinates, and | ube oils.



